Leptin is a hormone with significant effects on the brain, both at the cellular level and cognitive level. This study aimed to establish the association between leptin levels and delirium in a Colombian elderly population. 115 patients older than 60 years were included. Leptin was measured by enzyme-linked immunosorbent assay after overnight fasting and Mini-Mental State Examination and Confusion Assessment Method (CAM) tests were employed. Delirium was diagnosed using CAM in 23.48% of patients, being most frequent in men. There were no significant differences in hematology and renal test values between patients with delirium and those without delirium, but cerebrovascular diagnoses were more frequent in patients with delirium. No correlation with any specific medication was found, but patients with delirium had a higher number of comorbidities and medications. Leptin levels were significantly lower in patients with delirium and correlated negatively with the number of diagnoses and medications, but not with age, gender, body mass index, or hematology and renal test results. Leptin levels may have a role in the pathophysiological process of delirium and low leptin could be a useful clinical biomarker to establish risk in elderly patients given the association with delirium.
Introduction
Elderly patients usually present with comorbidities that frequently include psychiatric disorders, which increase the risk of complications in this population. Delirium is one of the most common disorders that appear to be associated with a number of pathologic conditions in this group of patients. 1, 2 However, according to different sources, there is a marked variability in the frequency of this disorder (14% to 80% of hospitalized patients). 3 This is due to differences in the diagnostic criteria and in the populations evaluated in these studies. 4, 5 Delirium is characterized by a cognitive dysfunction with an acute onset and a transient and fluctuating course, 6 which are the main factors used to differentiate delirium from other causes of dementia. 7, 8 Other signs that support this diagnosis are lack of attention, disorganized thinking and altered levels of consciousness. 9 Delirium is associated with orthopedic, cardiovascular and infectious diseases, cancer, diabetes, trauma, surgeries, anemia, dehydration and use of cholinergic medications, among others. 10, 11 Elderly patients are the most affected, with a higher rate of morbidity and mortality. 2 Delirium is associated with longer hospital stays, increased mortality rates, chronic cognitive compromise and a greater economic burden on the elderly inpatients. [12] [13] [14] For these reasons, multiple efforts have been undertaken to identify biomarkers that can help elucidate the pathophysiology of delirium and improve the strategies of patient treatment.
Leptin is a hormone with broad effects on several neurotransmitter systems and on a number of neural functions. 15, 16 This 16 kD protein is produced mainly by white adipose tissue 17 and is the key regulator of body weight 18 via its effects on the hypothalamic arcuate nucleus. It acts on diverse processes, including immune regulation and energy homeostasis, 19 modulation of the reproductive hormone axis, and the growth of several cells and tissues. 20 The leptin receptor (LR) belongs to the cytokine receptor family and although it has 6 isoforms, only the b isoform, LRb, has an intracellular domain and therefore the capacity to induce a signaling response. 21 LRb is associated with the activation of JAK2, a family of kinases characterized by dual sites of action. JAK2 in turn activates STAT3, a promoter of transcription. 22 Leptin receptors are broadly expressed in the brain, 23, 24 and it has been shown that leptin can affect cognitive performance in both humans [25] [26] [27] and rodents. 28, 29 Furthermore, low leptin levels have been associated with certain disorders, including depression, 30, 31 Alzheimer's disease, 32 borderline personality disorder, 33 and obsessivecompulsive disorder, 34 all of which are associated with cognitive or/and emotional deficits.
To date, there have been no studies on the relationship between leptin and delirium; therefore, this study explored this association in elderly patients hospitalized in the Hospital Universitario San Jorge in Pereira, Colombia.
Methods
This study included 115 patients acutely hospitalized in the Hospital Universitario San Jorge (Pereira, Colombia) without regard to the reason for hospitalization or the ward in which they were admitted. All the patients were older than 60 years. Informed consent was obtained from the patients or from proxies in case of cognitive impairment, with the approval of the Bioethics Committee of Universidad Tecnológica de Pereira, under and the guidance of the Alzheimer's Association. 35 This study was conducted in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki). 36 All of the patients were evaluated using the Mini-Mental State Examination (MMSE), to rule out dementia due to other causes, and the Confusion Assessment Method (CAM), which is the most common and simple scale for delirium diagnoses. 37, 38 These tests were given within 24 hours of hospitalization by advanced medical students, physicians, or psychiatry residents, who were trained extensively by an experienced psychiatrist. Those patients with scores 13 in MMSE were excluded from the study; this cut-off was chosen because of previous research results in a Latin American population, which found that it defined dementia prevalence similar to that determined using the 10/66 Dementia Research Group Protocol, 39 developed to avoid educational and cultural biases in population-based studies in developing countries. 40 Patients with a positive CAM were classified as potential patients with delirium; however the diagnosis only was established if they met the DSM-IV criteria. 41 Blood samples were obtained from all of the admitted patients the next morning after admission following overnight fasting, and the serum was stored at −20°C until leptin levels were measured. Leptin was determined by an enzyme-linked immunosorbent assay (ELISA) technique using a commercially available kit (Diasource Immunoassays SA, Leptin-EASIA KAP2281, Nivelles, Belgium). The clinical records of all patients included in this study were revised to include the hematology test data. Each patient's weight and height was measured to determine the body mass index (BMI).
Statistical analyses were performed using the SPSS version 16.0 (SPSS Inc, Chicago, IL, USA) and GraphPad Prism version 6.0 (GraphPad Software Inc, La Jolla, CA, USA) software. The results are shown as the mean ± standard error of the mean (SEM). Significant differences were determined using an unpaired Student's t-test, correlation analyses were performed using a non-parametric test and a P-value , 0.05 was considered to be significant. Association between variables was established employing a Chi-squared test. Multivariate logistic regression models were used to adjust for characteristics shown to be associated with leptin and the presence of delirium in bivariate analyses (P , 0.05).
Results
The age range of the patients, who were all mestizo, was between 60 and 91 years, with a mean of 73.2 ± 7.6 years; 42.6% of them were women. Delirium was diagnosed in 23.48% (n = 27) of the patients. There were no differences in the age ranges and means in patients with delirium and those without delirium. With regard to gender, there was a significantly greater (P , 0.0001) proportion of men in the group of patients with delirium (88%) compared to the group of patients without delirium (50%). The two groups of patients did not differ in hemoglobin values, hematocrit, leukocyte count, platelet count, and creatinine and ureic nitrogen values (Table 1) . BMI was also similar in both groups (25.46 ± 5.45 in patients with delirium and 25.13 ± 6.97 in patients without delirium, no significant differences).
submit your manuscript | www.dovepress.com Table 2 shows a summary of clinical diagnoses in patients with delirium and those without delirium. There was a significant difference in the proportion of patients with a cerebrovascular diagnosis in the patients with delirium, but there was no difference in the distribution by other diagnoses or by any medication (data not shown) between the two groups of patients. However, patients with delirium showed an increase in the number of comorbidities as well as in the consumption of medications, and these differences were significant compared to patients without delirium ( Figure 1 ).
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Leptin levels ranged between 0.79 ng/mL and 35.77 ng/mL, with a mean of 6.16 ng/mL. Leptin levels were significantly lower in patients with delirium compared to those without it ( Figure 2 ) and this difference remained after adjustment for number of diagnoses and number of medications. Although leptin levels did not correlate with age, gender, BMI, or laboratory tests in either of the patient groups (data not shown), they correlated negatively with the number of diagnoses and the number of medications in both groups (Figure 3) .
Leptin values were divided into quartiles in order to establish the association between this variable and the presence of delirium, which was positive (P , 0.01). Delirium was more common in quartile 1 patients in comparison with all the other quartiles (P , 0.01) as well as a greater number of diagnoses and number of medications, but no significant differences were found regarding age, gender, BMI or laboratory tests between quartiles (data not shown) as revealed by bivariate analysis. The association between leptin levels and the presence of delirium remained after adjustment for number of diagnoses and number of medications.
Discussion
Delirium is a disorder that increases morbidity and mortality in older patients and its pathophysiology needs to be properly clarified in order to treat patients more effectively through prevention and care. 42, 43 Biomarkers of delirium can be used to pursue this goal because they may help clarify the course of this condition and aid in early diagnoses, which can result in improved and more appropriate treatments.
This study establishes the association between leptin and delirium in elderly inpatients, a population with an augmented risk of developing delirium and its complications. 2 In this study, more men than women developed delirium, which was consistent with other reports. 10 The frequency of cerebrovascular diagnoses was higher in the group of patients with delirium, which is consistent with most reports, although this study failed to find any significant difference in the frequency of other types of diagnoses between the 44 However, the majority of studies show that delirium has a greater association with the presence of multiple diseases and the consumption of multiple medications than with individual factors, 45, 46 especially in older people, which is consistent with the findings of the present study.
Leptin levels were significantly lower in patients with delirium compared with those without this disorder and leptin levels are associated with the presence of delirium. This suggests a role for this hormone in the pathophysiological processes that lead to the development of delirium. Additionally, there is a negative correlation between leptin levels and the number of comorbidities and number of medications. This suggests that there is a relationship between this hormone and the severity of the patient's clinical condition, which is related to these parameters. It is known that the risk of complications or death in older patients is related to the presence of comorbidities, which results in the increased consumption of different medications and increased frequency of adverse reactions. Furthermore, the risk of delirium is greater in older patients with comorbidities; therefore, leptin could be a marker of the severity of clinical features as well as a marker for augmented risk of developing delirium. Leptin is a neural modulator and the association found in this study is not unexpected because low leptin levels have been associated with other neuropsychiatric disorders, such as depression, 30, 31 which involves emotional discomfort, a symptom shared with delirium. Therefore, leptin has been presented as a possible antidepressant therapy. 30, 47 In addition, hypoleptinemia increases the risk for Alzheimer's disease 48 and vascular dementia. 32 Additionally, this hormone decreases the phosphorylation of tau-proteins in neurons, which is associated with the severity of Alzheimer's disease. 49 It is worth noting that aging has been associated with a decrease in the levels of leptin, and a resistance to the actions of leptin. 50, 51 A greater magnitude of this decline in leptin levels may be associated with a greater risk of cognitive impairment, 26 which might explain the augmented risk of developing delirium in this population.
It is not surprising that systemic leptin has effects on the brain, given that leptin, despite being a protein, can 
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enter the central nervous system through the cerebrospinal fluid 52 or via a receptor-mediated transport mechanism that allows it to cross the blood-brain barrier. 54 Additionally, leptin can be expressed locally in the brain, 54 although the regulators of its production remain unclear. In addition LRb is expressed by neurons throughout the brain, 23, 24 which can explain why leptin may affect a diverse range of neural functions. 55, 56 More work needs to be done to elucidate the mechanisms by which leptin can intervene during the development of delirium, but a number of studies have shown significant effects of leptin on neurons. Leptin can regulate protein synthesis in neurons and glial cells, 57 and it facilitates long-term potentiation in the pyramidal neurons from CA1 hippocampal cortex. 58 Mice that are insensitive to leptin have lower synaptic plasticity in the hippocampus, which can affect memory processing. 29, 59 Leptin may also have neurotrophic actions and increase NMDA receptor activity in the hippocampus, 60 the density of dendritic spines, the efficacy of synaptic transmission in pyramidal neurons, 60 and the axonal growth cone size in cortical neurons, 61 Leptin also induces actin reorganization in the hippocampus, which has an important role in the morphological changes of dendrites in CA1 cells, and in the formation of functional synapses. 60, 62 It is likely due to these reasons that mice with decreased sensitivity to leptin show cognitive deficits and even Alzheimer's disease. 55, 62 Furthermore, leptin could have a role in the treatment of this disorder. 63 In aging brains, there is a diminution of dendritic spines in the hippocampal and pyramidal cells, 64 and this can be an effect of hypoleptinemia, although further studies must be performed to explore this issue.
Delirium is characterized by compromised cognitive performance, and low leptin levels have been associated with cognitive impairment in humans [25] [26] [27] and rodents. 28, 29 Treatment with this hormone improved neurocognitive performance. [65] [66] [67] Furthermore, it is known that leptin has neuroprotective effects 68, 69 as well as antiapoptotic actions on neurons; 70 it also stimulates neurogenesis in the hippocampus. 71 Low levels of this hormone, as demonstrated by its association with delirium in the elderly patients evaluated in this study, could result in the loss of these beneficial actions, and can be therefore form part of the pathophysiological framework of delirium.
Leptin is also considered to be a modulator of the immune response, and low levels of this hormone are associated with impairment of the immune profile, 72 which can result in an increase in the levels of a number of cytokines. Increased cytokine levels have been associated with the development of delirium or cognitive decline in patients after cardiac surgery 73 and secondary to infections. 74 This neuroinflammatory response could result in synaptic dysfunction, cognitive impairment and hence delirium.
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In conclusion, leptin levels may have a role in the pathophysiological processes that lead to delirium in older patients, as this hormone is affected by a number of clinical conditions and has profound effects on central nervous system functioning, especially on mechanisms that regulate cognitive performance. According to the results of this study, low leptin is associated with the development of delirium in older people and correlates with the presence of comorbidities or with the consumption of multiple medications, which have been identified as causes of delirium; thus, low leptin could help to predict the risk of developing delirium in the elderly, although a causal relationship cannot be established at this point and further studies need to be conducted to determine its clinical relevance. Moreover, additional research may help clarifying the effects of other neuropsychiatric disorders, such as dementia and depression, on leptin levels, which could not be determined from the present results since these diagnoses were not analyzed. These findings may be useful in pursuing a better understanding of delirium, for developing more effective strategies to prevent this disorder, and for early diagnosis and proper intervention in affected patients.
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